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ABSTRACT 


The present work deals with designing of thrss-phass GTO AC-DC 
convsrtsr and its control circuit, snubber circuit and drive 
circuit. The GTO thyristors are switched employing programed 
PUN technique to elialnate sone lower order harsonics. The 
analysis of converter circuit is presented. Digital technique is 
used to lapleaent the above PUH technique. The systea is tested 
experiaentally to verify the basic principles and analytical 


results . 



CHAPTER I 


INTRODUCTION 


eneral ■ 

Thyristorised power controllers are now widely used in the 
industry. Conventional controllers have been replaced by 
thyristorised power controllers in almost all applications. 
The prominent applications of such controllers [1], are as 
follows : 

1. Control of ac and dc drives in rolling mills, paper and 

textile mills, traction vehicles, mine winders etc. 

2. Uninterruptible and standby power supplies for critical 
loads (air craft and space applications) 

3. Power control in metallurgical and chemical processes. 

(. Static power compensators and static conductors. 

5. HVDC transmission System. 

S. HV supplies for electrostatic precipitators and X-ray 

generators. 

f. Illumination control for lighting. 

3. Solid state controllers for home appliances. 

Some of the important advantages associated with 
:hyristorised power controllers are: 
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1 . 


High efficiency. 

2. Long Life and reduces maintenance. 

3. Compact size, low weight, volume and noise. 

4. Flexibility in operation due to digital controls. 

5. Fast dynamic response. 

6. Better reliability and high quality performance. 

DC drives are widely used in applications requiring 
adjustable speed, good speed regulation and frequent starting, 
braking and reversing. In comparison with ac drives they offer 
several advantages such as low overall cost, simple control 
circuitry, and versatile control characteristics. 

The speed control of DC motors is often achieved by 
controlled rectification of ac supply by means of thyristor 
bridge. The controlled rectification provides smooth variation 
y£ motor speed and regenerative braking of the drive. Phase 
controlled rectifiers are widely used for controlled 
rectification because these converters are simple, less 
expensive, reliable and do not require special commutation 
ichemes for the thyristors. 

But, the supply power factor in phase controlled converter 
leer eases with the triggering angle. The displacement angle 
>etween the supply voltage and the supply current increases 
/ith triggering angle. Hence, the reactive power drawn by the 
:onverter increase, thereby decreasing the power factor. The 
eactive power drawn from the line, when operating at low power 
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factor. Increases the transmission losses and maximum power 
demand and has adverse effect on voltage regulation and supply 
system stability. 

The phase controlled converter also introduces ripple in 
the load current and harmonics in the source current. This 
ripple current increases the copper losses and lowers the 
efficiency of the drive system. It may cause the derating of 
the motor and may affect the machine commutation. 

The source current harmonics have a number of undesirable 
effects [2], such as : 

reduces the overall power factor 

causes the radio frequency Interface (noice interface 
with communication line ). 

malfunction of electronic equipments connected to the 
line. 

overloading of capacitors, generators and inductors, 
decrease in efficiency owing to increase in losses due to 
harmonic current and skin effect. 

Saturation of transformers . 

Therefore, alternative control schemes which overcome 
these drawbacks and provide smooth variation of output voltage 
are highly desirable. A number of techniques have been 
developed to improve the performance of the converter, keeping 
in view the input power factor, source current harmonics, 
system efficiency, load current ripple, complexity of control 
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circuit and the coat of the drive. Sone of then are : 
increasing the converter pulse number t 

The system performance can be Improved by increasing the 
number of phases in the ac supply. But, this involves high 
cost in terms of additional thyristors and control circuits. 

using fully controlled converter with half Controlled 
characteristics i 

The advantages of half controlled converter are 
counter-balanced by the fact that its operations is confined to 
single quadrant. 

sequence control technique i 

Another method of improving system performance is to 
connect two or more stages of single phase converter bridge, in 
series and operate by sequence control technique. Such 
arrangements, though expensive, are widely used in medium power 
traction applications where the power factor becomes an 
imperative necessity. 

McNurrcy [3], Mukhopadhyaya [4], Stefanovic [5] and 
Ohnishi et al [6] proposed a converter circuit configuration 
with phase controlled to Improve supply power factor. 

However, all the techniques mentioned above employ phase 
delay control for the variation of the output voltage, and they 
offer only a marginal improvement in the performance. However, 
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a significant improvement in both load side and source side 
performances is obtained by making use of forced commutation 
technique . 

There are many techniques based on forced commutation 
which make the displacement factor (the fundamental power 
factor) unity and is independent of the magnitude of the output 
voltage. It is possible to keep the displacement factor at 
unity if the supply voltage is switched symmetrically with 
respect to the peak of the supply voltage. Such a control 
technique is termed as pulse-width modulation (PUM). The 
ripple In the output current and lower order harmonics in the 
source current are reduced considerably by producing multiple 
voltage pulses at the output. By doing this the higher order 
harmonics in the source current are increased, they can be 
filtered out easily by using a small LC filter at the source 
terminals . 

Pulse-width modulated ac-dc thyristor converters have been 
suggested to improve the performance of the line commutated 
ac-dc converters. Uith this, there is a significant 
Improvement of input power factor, distortion of the line 
current and the ripple in the output current. But, these 
converters use very bulky commutation circuits for forced 
commutation. This results in considerable increase in losses, 
weight, volume and the cost of forced commutated converters. 
But, the recent advances in power semiconductor technology has 
led to the development of self commutated switches like : 



Bipolar Junction Transistor, (BJT) 

Metal-Oxide-Semiconductor Field Effect Transistor, 

(MOSFET) 

Insulated Gate Bipolar Transistor (IGBT) and 
- Gate turn-off thyristor (GTO) 

All these devices can be controlled by using appropriate 
voltage or current signals at the gate terminal. These devices 
do not require the forced commutation circuits, which results 
in considerable reduction in converter losses, volume, weight 
and cost. This make the converter more compact and reliable. 
Due to high switching speeds of the self-commutated devices, 
they can be operated at higher frequencies. Hence, the 
magnitude of lower order harmonics can be considerably reduced. 
However, due to lower voltage and current ratings of BJT, 
MOSFET & IGBT, the use of these devices is restricted to low 
power applications. GTO's are now commercially available upto 
4500 volts and 4000 Amps. GTO with their higher voltage and 
current ratings are fast revolutionizing the PUM converter 
designs for large power applications. Because of this reason, 
GTO's have been used here as the self commutated switches in 
PUM ac-dc converter. 

Performance characteristics of power conversion schemes 
largely depend on the choice of the practlcular PUM strategy 
employed. PUM schema can be classified as : 
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(a) Carrier nodulated wave PUM : Which includes : 

(i) Equal pulae-width nodulation (EPUM) . 

(ii) Triangular pulse-width nodulation (TPUM) 

(iii) Stepped pulse-width nodulation (STPUM) 

(iv) Sinusoidal pulse-width nodulation (SPUM) 

(v) Inverted sine pulse-width nodulation (ISPUM) 

(b) Precalculated progranned pulse width nodulation (PPUM) 

PPUM scheme exhibits several distinct advantages in 
comparison to carrier-modulated wave PUM scheme [7]. They are: 

(1) About 50% reduction in the switching frequency. This 
results in reduction of switching losses. 

(2) Harmonic interference such as resonace with the external 
filtering networks employed in the converter power supplies, 
is eliminated. 

(3) The use of precalculated optimized PPUM switching patterns 
avoids on-line computations and provides straight forward 
implementation of a high-performance technique. 

(4) Reduced ripple in the output current. 

(5) Elimination of several lower order-harmonics generates high 
quality input spectra which in turn improves the 
performance. 
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Presently, enhancement in computing power and calculating 
procedures, the non-linear equations associated with selective 
elimination of harmonics can be easily solved. Also, with the 
availability of inexpensive large memories, these angles can be 
stored in EPROH. In view of this, PPUH technique hasemerged as 
an important and viable means of power control. 

Organization of the Thesis i 

The main motivation of this thesis can be described as 
developing a GTO-Based three-phase ac-dc converter with 
programmed PUM technique for dc motor drive. 

A review of different configurations of power circuit and 
their control scheme which is reported in the literature is 
presented in chapter II. Chapter III deals with the open loop 
analysis of the drive system with PPUM technique. 

Design and development of the hardware to Implement the 
PPUM technique and control of the converter fed dc motor, are 
delt in chapter IV. All the design aspects of power circuit, 
gate drive circuit, snubber circuit and control circuit are 
also explained in this chapter. 

Chapter V describes the detailed testing and performance 
evaluation of the converter fed dc motor drive. Chapter VI 
summarizes the conclusions of the work and gives suggestions 
for future work in this direction. 
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CHAPTER II 


LITERATURE REVIEW 

A brief review of the literature on three phase PUM ac-dc 
converters is presented in this chapter. 

S.R. Doradla et al [8] and N.D. Prasad [9] have studied a 
three-phase ac-dc PUH converter controlled dc motor employing 
forced commutation. The converter shown in Fig. (2.1), 
contains three thyristers (SCR’s) with forced commutation on 
upper limb of the bridge, while another three thyristers 
(SCR’s) on the lower limb with line commutation. The forced 
commutated SCR’s are gated many times in one ac cycle depending 
on the number of voltage pulses required at the output. The 
width of the output pulses is controlled in order to control 
the average output voltage. Though, the power factor is 
improved significantly, the converter requires an additional 
Investment due to the passive elements required for forced 
commutation. 

Inaba et al [10] have simplified the above mentioned 
converter circuit by replacing the forced commutated SCR’s with 
GTO’s. The power circuit configuration is shown in Fig. (2.2). 
Once the minimum pulse width is attained, its pulse position is 
shifted with respect to the source voltage, and the width of 
the pulse is maintained constant. This extends the control in 
the lower range of the ouput voltage, but the phase angle can 
not be extended upto 180°. This is due to the fact that at this 
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extreme point, the line voltage polarities are not suitable 
for line commutation of SCR’s in the lover limb. 

Fig. (2.3) shows a six GTO ac-dc converter employing optimal PUW 
scheme. This configuration is proposed by Kataoka et al [11] . 
The over voltage which appears across source terminals when the 
line current is interrupted, is absorbed by capacitor, C 
through a diode bridge. The energy stored in C is dissipated 
in Resistor R. In this converter, the line current harmonics 
below the most predominant one are almost completely 
eliminated. But the number of switching operations are 

increased as compared to that of Equal Pulse-Uidth Modulation 
(EPUM) for the same number of output pulses per cycle. This 
converter requires a relatively complex control circuitry to 
implement the optimal PUM scheme. The variation of the output 
voltage is also limited in this converter configuration. 

However, converters described in [10] and [11], the 
operation of the converter is limited to only one quadrant. 
The sequence of triggering pulses should be changed whenever 
the operation has to change from rectification to inversion 
mode or vice versa. 

Viriya et al [12] have described a GTO-based ac-dc 
converter, which is shown in Fig. (2.4). This converter 
consists of two circuits, namely main circuit and auxiliary 
circuit. The main circuit consists of a three-phase bridge 
rectifier using six GTO’s, and Auxiliary circuit consists of 
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eight diodes , two GTO’s, two inductors and a capacitor. The 
auxiliary circuit used to recover the commutating energy in the 
nain circuit and to clamp the commutating impulse voltage at a 
desired level. PUM technique is used to trigger the main 
GTO’s. They are controlled in a special sequence. This make 
the control circuit is more complex. Also since the auxiliary 
circuit requires extra elements, converter cost increases. 

B.H. Khan in [13] has studied an PUM ac-dc GTO converter 
which consists of six GTO’s. Here, the control circuit makes 
use of a combination of pulse width control and phase angle 
control to achieve continuous and smooth control of output 
voltage in two quadrants. The author has made comparative study 
of various carrier modulated wave PUM schemes (EPUM, SPUM, 
TPUM, STPUM, and ISPUM) . 
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FIG.2-2 CONVERTER PROPOSED BV INABA et at. 
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FIG- 2-3 CONVERTER PROPOSED BV KATAOKA el at. 



FIG. 2-4 CONVERTER PROPOSED BV VIRIYAe^at 


CHAPTER III 


ANALYSIS OF THREE-PHASE PWM AC-DC CONVERTER 

Introduction t 

PUM ac-dc converter has many advantages over phase 

controlled converter such as higher power factor, reduced ouput 
current ripple, reduced zone of discontinuous conduction, and 
reduced lower order haraonics in line current. However, forced 
connutation circuitry is to be provided with SCR’s which 

increases the coaplexity of the converter. 

Due to the progress in the seaiconductor technology, high 
power self coamutating devices are commercially available. So 
GTO's are now being used in high power applications. This 
results in siaplified converter conif iguration due to the absence 
of coamutating elements in the power circuit. 

Analysis of three-phase PWM converter i 

For the purpose of analysis a three-phase PUlf ac-dc 


converter 

connected to a separately excited 

dc 

motor 

shown 

in 

Fig. (3.1) 

is considered. Uhere G^- G^ 

are 

self 

commutated 

switches 

(GTO’s). Switching instants 

are 

determined 

by 


prograaaeed PUN technique. The system is analysed under the 
following assuaptlons : 
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(i) 


The power switches are ideal 

(ii) The source is ideal, source impedance is zero. 

(iii) Under steady state condition, the moter speed is 
constant . 

(iv) The resistance and reactance of the dc motor remain 

constant throughout the operation. 

The source voltage is expressed as : 


®A 

= 

y~2 

V . Sin 
Ph 

(wt) 


®B 

S 

V~z 

V 

Sin 

(wt- -^) 


B c 

s 

V~2 

V ph 

Sin 

, , 4fi . 

Cwt- -j) 


e AB 

= 

®A ' 

®B = 

-n 

V . Sin 

Ph 

(wt + 

®BC 

sr 

e B 

e c = 

-re 

V . Sin 

Ph 

(wt- -}) 

®CA 

ss 

e c • 

®A = 

y - 6 

V . Sin 
ph 

(wt- 2J) 


1 The output Voltage i 


The general waveform of 

output 

voltages 

V 

a 

of 

the 

three-phase PUH ac-dc converter 

is shown 

in Fig. 

(3.2). 

Due 

to 

the three-phase symmetry, the 

average 

output 

voltage 

V 

av 

is 


calculated by averaging v & for a period .and expressed in 

terms of the maximum average voltage V avmax °* the six pulse 

converter. The expression of V and V are given by : 

av avmax ° * 
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av 


-rbr ^ V * ' 

1 = 1 n 


5 + ^ 


Sin (wt + # r ) d (vt) 


-7 + a. 
6 l 


avmax 


— — V 3 V 
n ph 


p /2 

V = V 2C 

av avmax 


P/2 r 

* 

i = l L 


Cos (-j- + « i ) - Cos (-j- + ft 


■A 


Where & is the phase angle difference between e. and the line 
r t h “ 

voltage used to produce i pulse. 


2 The output current : 


Fig. (3-2) shows the current waveform i , when a voltage v 

a a 

is applied across an R-L-E^ load. The expression for this 


current during i pulse can be written as : 


tT6 V E. 

Sin (wt + * r - *) - ^ 


Oil 


E, y~6 V . 

+ 5 r- 2 - Sin ( “i * 7 + ®. 

a a 


- *) 


Wt - ~T 

, i 6. 

.XP ( jj- ) 


for % + «. S wt S 7 + /J. 

0 1 0 1 


and. 


*~E E 

= ~TT + [ J /»i + ] ; exp c “ 

a *“ a ■* 


Wt - /»i - 7 


for 


n 


ft , - - , . H 

7 + /?. a: wt i ^ 


+ a 


i + 1 
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Where 


tan Q. 


: armature current at the beginning 


of the i pulse 


: armature current at the end 


of the i pulse 


Z = YR 2 + (vL ) 2 
a a a 


V~6 V 

Taking V r- 6 V ^ as base voltage and, — g as base current 


the expression for normalized current can be written as 


E E 

i an = Sin ( wt + e r - * ) - + r 


_ wt - a. - 7 

Sin ( «. + 5 + « r - )J . exp c ^ ) 


J ♦ «. * wt * ; + fi L 


and. 


Cos 4 > 




in + Cos * I * * xp C 


wt - ft . 

i 


* 1*1 
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This expression Is used to calculate the waveform of load 
current when the drive system is operating in motoring mode. 
During regenerating the polarity of back emf is reversed and 
firing/extinction angles are shifted by 180°. 


Harmonic Elimination technique for throe phase converter i 


Fig. (3.3) shows a general classification of 
which eliminate harmonics and PPUM techniques 
elimination suitable for three phase converter is 
(3.4). The quarter wave symmetric three-phase 
switching function employing positive, zero 
switching states is shown in Fig. (3.5). 
co-efficients can be written as : 


PPUM t 

echniques 

with 

harmonic 

shown 

in 

Fig. 

line 

to 

line 

and 

negative 

The 

fourier 


a 


n 


4 

n n 


[ I C-D K+1 Cos (n « k ) ] 
k=l 


(3.1) 


Uhere, 

0 < V "2 <0 *N < 1 

N is a number of pulses per half cycle. 

Switching angles a jj +1 to a 2 jf are obtained by folding 
symmetry [14]. 


From equation (3.1), the non-linear equations for eliminating N-l 

non-triplen harmonics such as 5, 7, 11, 13 etc. are given 

by : 
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N+1 " a 

c * Cos «g + + (-1) Cos ^ 

Scx^- Cos 5« 2 + .+(-1) N+1 Cos 5 « n = 0 

m e * 

mm m 

N+1 

xot — Cos x«„+. + (-1) Cos x« tl = 0 

12 N 


1 


(3.2) 


ire. 


x = 3N-1 

x = 3N-2 


When N is even 
When N is odd 


* switching function is determined by solving the above 
r»— linear equations for the first 60° interval of the input 
cl e . 

rmonics are given by s 


The resulting equations to eliminate 5^ and 7^ 


N = 

3 


X = 

= 7 


« 


Cos 

"*1 

- Cos 

*2 

+ Cos 

*3 

1 

4 


Cos 

5a 

i 

— Cos 

^2 

+ Cos 

^3 

= 0 

(3.3) 

Cos 

7«i 

— Cos 

7«2 

+ Cos 

7 «3 

= 0 



e equations (3.3) are solved for ^ , otg and The amplitude 

fundamental wave a^ in p.u was varied from 0.1 to 1.12 and for 
ch value, three commutation angles («^, «g and «^) are 
termined. The set of angles are given in Appendix VI. 
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Programmed PUH technique with 
Harmonic Elimination 

i 

1 * 


Line to Line (LL) PUM 
Uaveform optimization 


Line to neutral (LN) PUM 
Waveform optimization 


tingle Phase 
.cations(SLL) . 
>dd harmonics 
tding tripp- 
lre elimina- 
tp to desir- 
Lrst signif- 
: harmonic. 
;hing angles 
id 0 to 90° 
quarter 
symmetry. 


For three phase 
appl i cat i ona ( TLL ) . 
All non-tripplen 
odd harmonics are 
eliminated up to 
desired first 
significant har- 
monic. Switching 
angles spread 0 
to 60° with fol- 
ding Symmetry. 


For three phase 
applications(TLN) . 
All non-tripplen 
odd harmonics are 
eliminated up to 
desired first 
significant har- 
monic. 


For single 
phase appl- 
ications(SLN) . 
All odd har- 
monics inclu- 
ding tripplen 
are eliminat- 
ed up to 
desired first 
signi f icant 
harmonic . 


LN1 Quarter wave 
ymmetric PUM 
witching angles 
pread 0 to 90°. 


TLN2 Quarter wave 
Symmetric PUM 
switching angles 
spread 0 to 60 . 


SLN1 Quarter 
wave symmetric 
PUM. switchning 
angles spread 
0 to 90°. 


SLN2 same as 
SLN1 with 
phase shift 
to suppress 
the first 
significant 
harmonic. 


Fig. 3.3 General classification of programmed PUM’s 


Three phase programmed PUM techniques with harmonic elimination 

1 


[ 


Line to line PUM (LL) 
waveform optimization 
(TLL) 


Line to neutral PUM (LN) 
waveform optimization 


(TLNj) 


and 


(TLN 2 ) 


Fig. 3.4 Three phase programmed PUM techniques 
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CHAPTER IV 


DESIGN AND DEVELOPMENT OF A PWM AC-DC CONVERTER 

In this chapter the detailed design and fabrication of 
three phase PUM ac-dc converter is described : 

Proposed converter i 

The proposed converter which consists of six GTO’s is 
shvon in Fig. (4.1). GTO’s used in the converter are 
GFT20B1 2 (HITACHI ) , (The specifications of GFT20B12 are given in 
appendix I). GTO’s have anode shorted emmitter structure. 
This structure allows low on-state voltage and high speed 
operation but does not have the reverse voltage blocking 
capability. Hence, a series diodes to are used in series 
with the respective GTO’s to add this feature. Programmed- PUM 
scheme to control the output voltage and to eliminate 5** 1 and 
7** 1 harmonics present in input current, is adopted. 

Snubber circuit s 

The GTO’s are subjected to switching stresses during 
turn-on and turn-off. In order to protect the GTO . from the 
switching stresses, a snubber circuit is usually connected with 
the GTO. The use of snubbers circuit ensures safe and reliable 
operation of GTO's with in the forward bias safe operating 
area, FBSOA. These snubbers *’ are used for the following 
reasons [15]: 
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Reduce the switching stresses on the device. 

Improve switching loci to be within the FBSOA. 

Reduce the power loss (heatsink temperature) in the 
swithces. 

Improve the overload and short-circuit capabilities. 

Reduce Radio frequency interference generated in the 
converter . 

Reduce the reverse recovery currents in the freewheeling 
diodes . 

Reduce over-voltage across the freewheeling diodes. 

Reduce the overall losses and improve effeciency. 

Fig. (4.2) shows the snubber circuit connected with the 
GTO. Where represents the stray and effective external 
circuit inductance. This inductance serves to limit the rate 
of rise current during turn-on time. Hence it is called as the 
turn-on snubber. Diode-Resistor-Capacitor in parallel with the 
GTO is known as the turn-off snubber. The values of snubber 
circuit elements are given in Appendix II. 

Effect, of Source Inductance s 

Due to the presence of source inductance on the ac side of 
the converter, an over-voltage appears across the device when 
the source current is interrupted by the GTO. 

The magnitude of over-voltage depends on the value of 
source inductance and the magnitude of interrupted current. 
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AC- DC 
converter 


FIG-4-3 SUPPRESSION OF OVER-VOLTAGE BY RC FILTER 
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Increasing the size of sunbber capacitor in order to suppress 
the over-voltage may not be appropriate as it would also 
Increase the losses in the device. A capacitor, C f is used 
across the source terminals to take care of the source 
inductance separately as shown in Fig. (4.3). The value of the 
capacitor, C £ must be not very large as it would unduely load 
the source by drawing large reactive power permanently from it. 
Also, its value is such that its resonance frequency should not 
coincide with either output pulse frequency of the converter or 
any of the harmonics of line current. Resistor, R f is used in 
series with C { to provide damping. The values of and C f are 
given in Appendix II. The complete circuit of the proposed 
converter is shown in Fig. (4.4). 

Drive Circuit t 

The low power and low volttage control circuit is 
electically isolated from the high power circuit (or power 
converter circuit) for the safety of control circuit. 

In this thesis, opto-coupler (MTC2E) is used to provide 
isolation between the control circuit and the power circuit of 
the converter. The block diagram representation of the driver 
circuit is shown in Fig. (4.5) and the details of the GTO drive 
circuit is shown in Fig. (4. 6). The values of the circuit 
elements used in the drive circuit are given in appendix III. 
The turn-on and turn-off signals in Fig. (4.6) are complement ry 
to each other. The drive circuit is provided with separate 
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CONVERTER 



£l 


Opto- 


Driver stage 

Coupler 


for Turn-ON - 


& 


Opto- 

Coupler 


Driver stage 
for Turn-OFFl 




A°i 


<34 

Opto - 


Driver stage 


o 

Coupler 


for Turn-ON 







^4 

Opto- 


Driver stage 



o ' 

Coupler 


for Turn-OFF 



FIG- 4-5 BLOCK DIAGRAM OF DRIVE CIRCUIT 

,+5V n+5V 



^^8? — r~h— |j2 J- 

, Lji-I. 


Turn off 
signal 


IC 2 |R 5 


Zl 

Zl 


rfrr 

GF 



~ Xl 


K 


-12V 


FIG-4-6 GTO DRIVE CIRCUIT 
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over- supplies ( + 5 V, -12V). These are obtained from the 
oltage regulators (7805) and (LM337) respectively. 

bntrol Circuit i 

Digital technique is used to implement the programmed PPUM 
technique. The block diagram of proposed digital control 
scheme is shown in Fig. (4.7). It consists of : 

(1) Erasable programmable read only memory, EPROM. 

(2) Phase-Locked Loop, PLL and frequency divider. 

(3) Pulse number generation counter. 

(4) Logic circuit, which consists of analog to digital 
converter, zero-crossing detector and comparators. 

The waveforms shown in Fig. (4.8) illustrate the operation 
of control circuit. The logic expressions are used to obtain 
the gating signals are given in appendix IV. 

The triggering/extinction angles are computed 

theoretically over the entire output range and stored in the 
EPROM (27256). Nine of the sixteen address lines of the EPROM 
are addressed by the counter (CD4040) and the remaining are by 
analog to digital conerter, ADC (AD7574). 

The control voltage, V varies between zero to +2.5 V. 

C 

The entire control voltage range is discretized into 64 digital 
levels using 8-bit analog to digital converter, ADC (AD7574). 
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A synchronising signal is obtained fron phase A is 
transformed into square wave signal by using a aero-crossing 
detector* ZCD OA741). This 50 Hz signal is used as a 
reference signal for PLL. Since one cycle of voltage waverform 
is divided into 512 parts* a divide by 512 counter using three 
4-blt programmable binary counters (74191) is used as a 
multiplier in the PLL circuit. The output of PLL is used as a 
clock signal to the counter (CD4040). This technique 

synchronizes the triggering signals with the supply. A pulse 
of duration 20 £iSec is obtained at every zero crossing of the 

line voltage using aono-stable (4047). The output of 

monostable is used as clock signal to the ADC. The outputs of 
the counter (CD4040) and of the ADC, control the address lines 
of the EPROM. Using the output pulses from the EPROM and 
comparators (comparing e^, e R and « c ) , the gating pulses for 
the GTO’s are obtained. 

Gating pattern i 

GTO’s are triggered using unsymmtrical type of gating 

pattern which is shwon in Fig. (4. 9). 

In this case GTO’s of the upper limb (G ^ , G^ r and G^) of 
the converter are turned-on and off five times in one cycle of 
the respective phase voltage, while those in the lower limb 
(G., G, , and G-) are turned-on and off once in every cycle of 

the respective phase voltage. These GTO’s conduct for 120° per 

% 

cycle. 
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1 

/ 

FIG- 4' 


8 WAVEFORMS OF SIGNALS AT VARIOUS STAGES 
OF CONTROL CIRCUIT 
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FIG-4-8 (CGNTD.) 
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FIG- 4-8 '(CONTD. ) 
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F 16- 4*9 GATING PATTERN , OUT PUT VOLTAGE AND 
VOLTAGE ACROSS G-j 
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CHAPTER V 


PERFORMANCE EVALUATION OF THE CONVERTER FED DC MOTOR 

.1 Th* *xp*riwmitl setup t 

The converter discussed in chapter IV is fabricated and 
tasted with a separately excited dc motor. The complete drive 
system is shown in Fig. (5.1). Uhere, 

R^ : used for measuring the input AC current 

R : used for measuring the output DC current 

a 

R^ : Resistive load for dc generator 

And the photograph of the setup is shown in Fig. (5.2). The 
specifications of the drive system are given in appendix V. 

S. 2 Load test and experimental results t 
5.2.1 Speed -Tor que characteristics t 

The speed-torque characteristics are shown In Fig. (5.3). 
The curves indicate motoring operation. The armature current is 
almost continuous because of aultipulse width modulation. It 
can be seen from the Fig. (5.3) that the speed increases with an 
Increase in the output voltage of the converter (armature 
voltage), and for a given armature voltage, the speed decreases 
with an increase in torque. 
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Fig. (5.2) 

The aettip of the aystea 
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Input power factor versus output voltage : 


Pig. (5.4) shows the input power factor versus the output 
voltage of the converter. The displacement factor is unity for 
all values of output voltage. It can be seen that the power 
factor increases with an increase in torque. For a given 
torque, the power factor slightly increases with an Increase in 
the output voltage. 

Experimental oscillograms : 

Experimental oscillograms are obtained from the setup to 
verify the basic principles of the PPUH technique, input and 
output performances. 

Unsymmetrical gating pattern was realized and corresponding 
oscillograms are shown in Figs. (5.5A), (5.5B), and (5.5C) for 
the modulation index equal to 0.2. These figures show the input 
voltage and gating pulses for six GTO’s, Gj-G^. 

Oscillogram of the voltage across GTO, G^ is shown in Figs. 
(5.6), (5.7) and (5.8). It can be seen that the voltage across GTO, 
G^ during ON period of G^ is zero and during ON period of and 
G 5 , it is e Afi and e AC respectively. 

Oscillogram of the output voltage of the converter is shown 
in Fig. (5.6). It can be seen the output voltage is zero when 
the two switches (GTO’s) in the same leg conduct (ON period). 
While It is equal to the line voltage, when two switches in the 
different legs conduct. 



Power Factor Speed (p.u) 




Gscillograa of the output current is shown in Figs. (5.6) 
and (5.7). It can bs seen thAt the output current is continuous. 

Oscillogra* of the input current is shown in Fig. (5.7). 
It can be seen that the input current is equal to load current 
during power interval and it is equal to zero during the 
freewheeling interval. 

Oscillogra* of the voltage across GTO, G 4 is shown in Fig. 
(5.8). It can be seen that the voltage across G^ during ON 
period of G^ is zero and during ON period of G^ and , it is 
e fiA and e^ c respectively. 

The oscillograas in Figs. (5.9), (5.10), (5.11) and (5.12) 
show the gating pulses for G^-G^, input voltage. Input current, 
output voltage, output current and the voltage across 
for another value of nodulation index 0.6. 
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Fig. 

(5. 

5A) 

(1) 

gating pulaea for 

G 1 

<5V/div) 

(2) 

gating pulaea for 

G 4 

(5V/div) 

(3) 

gating pulaea for 

G < 

(5V/div) 

(4) 

gating pula«8 for G^ 
Tin* Seal* (5*a/div) 

(5V/div) 



Fig. (5. SB) 


<D 

input voltage e^ 

(5v/dlv) 

(2) 

gat ting pulaea for Gj 

(5V/dlv) 

(3) 

gatting pulaea for G 3 

(5V/div) 

(4) 

gatting pulaea f Qt G & 

(5V/div) 


Ti*e Scale ( 5 *a/div) 
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Fig. (5.5C) 


(1) 

input voltage 

# a 


(5v/dlv) 

(2) 

gating puleea 

for 

G 4 

(5V/div) 

(3) 

gating puleea 

for 

G d 

(SV/div) 

(4) 

gating puleea for 

Ti*e Scale (5ne/div) 

(5V/div) 



Fig. (5. 6) 

(1) Voltage acroea Gj (50 v/div) 

(2) output voltage v^ (50 v/div) 

(3) output current i^ (6. 17 A/di v) 

Tine Scale (5»a/4iv) 
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Fig. (5.7) 


(1) 

input voltage e^ 

(50 v/div) 

(2) 

voltage across 

(50 v/div) 

(3) 

output current 

(6 . 17A/div) 

(4) 

input current i^ 
Tine Scale (5as/dlv) 

(7 . 4A/div) 



Fig- (5.6) 


(1) 

gating pulses for 

G 1 

(5V/div) 

(2) 

Voltage across 

G 1 

(50V/dlv) 

(3) 

gating pulses for 

G 4 

(5V/div) 

(4) 

voltage across G^ 

Tine Scale (5ns/div) 

(50V/div) 
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( 1 ) gating pulaea for G 1 

( 2 ) gating pulae* for G 4 

( 3 ) gating pulaea for G^ 

( 4 ) gating pulaea for G 2 

Tine Scale (2na/div) 


( 5 V/div) 

(5V/div) 

(5V/div) 

( 5 V/div) 



Fig- (5-9B) 


( 1 ) input voltage e^ 

( 2 ) gating pulaea for G ± 

( 3 ) gating pulaea for 3 
..tine pui*« for °5 
Tl« Sc.l. 


( 5 v/div) 

(5V/div) 

(5V/div> 

(5V/div) 
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Fig. (5.9C) 


(1) 

input voltage 

*A 


(5v/div) 

(2) 

gating pulses 

for 

G 4 

(5V/div) 

(3) 

gating pulses 

for 

G < 

(5V/div) 

(4) 

gating pulses for G 2 
Tine Scale (5ns/div) 

(5V/div) 



Fig. (5.10) 

(1) input volt&ge « A (5v/div) 

(2) gating pulses for Gj (5V/div) 

(3) output voltage v (50V/div) 

(4) input current 1^* (7.4 A/div) 

Tine Scale (5as/div) 
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Fig. (5.11) 

(1) gating pulaea for G^ 

(2) voltage aero as G^ 

(3) output voltage v & 

(4) output current * a 

Tine Scale (5na/dlv) 


(5v/div) 
(lOOv/div) 
(50v/dlv) 
(6.17 A/div) 



Fig. (5.12) 


( 1 ) gating pulaea for Gj (5v/dlv) 

(2) voltage aero ae Gj (50v/div) 

(3) gating pulaea for G^ (5v/div) 

(4) voltage aero aa G 4 (50 v/div) 

Tine Scale (5na/div) 
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CHAPTER VI 


CONCLUSIONS 

In this thesis a GTO-based three phase ac-dc PUM converter 
is analyzed, constructed and experimentally tested with a dc 
Motor. 

The experimental results are in close agreement with 
theoretically predicted results. The study reveals that the 
three phase FPUIf ac-dc converter-controlled separately excited dc 
motor is desirable for industrial applications involving large 
horsepower drives owing to improved performance. The 
displacement factor is unity and there is a significant 
improvement in the power factor. 

The use of gate turn-off thyristor, GTO substantially 
reduces volume and weight of the converter. However, it needs a 
greater care to be taken while desigining the drive and the 
snubber circuits. The effect of source inductance becomes more 
prominent with the increase in load current. The drive circuit 
must be very near to the converter assembly and use of long wires 
must be avoided. The snubber circuit and drive circuit are 
required for reliable operation of the converter. 
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Appendix I 


he specifications of GFT20B12 ere : 


epetitlve Peek. Off-state Voltage ( V DRXM ) 

:epetitive Controllable On-etate Current 

IKS On-etate Current I T (RMS) 

ion-repetitive Controllable On-etate Current 

ion-repetitive Surge On-etate Current (Ij Sn ) 

2 

I T liait value 

Critical Rate of Rise of On-state Current (di/dt) 

Repetitive Peak Reverse Gate Voltage 

Reverse Voltage between Anode and Cathode (Vq^) 


= 1200 V 
= 20 A 
= 7 A 
= 40 A 
= 65 A 
= 3.2 A 2 .S 


GRM 


Operating Junction Temperature (T) 


Critical Rate of Rise of Off-state Voltage (dv/dt) 
Holding Current (1^) 

Latching Current (1^) 



= 

150A/*rS 


= 

13 V 


= 

13 V 

GF(av) 

S 

1.5U 

[> 

= 

5 W 

GR(av) 

= 

2.5U 


= 

200 U 


s 

-40 to 



125°C 


- 

1000 V/vS 


* 

200 nA 


as 

700 etA 
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Appendix II 


The details of aourct and converter ere given below : 

(a) Source : 

1. A three— phase 50 Hz, ac supply. 

2. Source Voltage : 230 V 

(b) Converter : 

(1) Over voltage suppression circuit eleaents : 

R f = 25 0/100 W 

C f = 0.74 /iF/960 V 

(ii) GTO Snubber circuit : 

R = 100 0/5 V 

e 

C =0.1 pF/800 V 

£ 

diode : PRF 818 A (Fast recovery diode) 
(lii) GTO : GFT20B12 (1200 V/7A) 

(lv) Series Diode : SPR-16 A 
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Appendix III 


Drive Circuit Elements 


The Element The Value 



® - p » 

i *1 

3.3 KD 1/8 U 


& - R ’ 

2 *2 

150 ft 1/8 U 


R 3 " R 3 

68 KCi 1/8 » 


*4 - K 

470 KD 1/8 U 


R 5 - R 5 

1.2 K£> 1/8 U 


R 6 

36 a - 10 U 

CApAcitor 

; 

C i 

0.022 /uF 

Trensi sior 

*1 1 

BC 148 


l Z l 2 

BC 148 


T 3 ' T 3 

SL100 


T 4 

2N3055 

2«iMr 

Z 1 

10 V— 3 U 


Z i 

5.1 V— 3 U 

Opio« 

Coupler 

! IC 1 - IC 2 

HTC2E 
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Appendix IV 


Signal 

Logic experssion 

(1> 


Compare e^ and 

(2) 


Inverse of (1) 

(3) 


Compare e^ and e R 

(4) 


Inverse of (3) 

(5) 


Compare e^ and 

(7) 


(1) XOR (4) 

(8) 


(3) XOR (5) 

(9) 


(2) XOR (5) 

(10) 


(7) AND (3) 

(ID I 

1 


(8) AND (4) 

(12) | 


(9) AND (6) 

(13) | 


(7) AND (2) = G 4 

(14) 


(8) AND (3) = 

(15) 


(9) AND (5) = G 2 

(16) 


(0 ) AND (10) 
o 

(17) 


Inverse of (16) 

(18) 


(Oj) AND (11) 

(19) 


Inverse of (18) 

(20) 


(0 2 ) AND 12 

(21) 


Inverse of (20) 

(22) 


(10) AND (17) 

(23) 


(22) AND (14) 

(24) 


(22) AND (15) 


(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 


(11) AND (19) 

(25) AND (15) 

(25) AND (13) 

(12) AND (21) 

(28) AND (13) 

(28) AND (14) 

(16) OR (27) OR (29) = Gj 

(18) OR (23) OR (30) = Gj 

(20) OR (24) OR (26) = Gj 
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Appendix V 


THE SPECIFICATIONS OF THE DRIVE SYSTEM 


Rwlator* t 

Ci) Rj “ 0.27 0/25 U 

(ii) R 2 * 8 ft/5 A 

(iii) R 3 * 0 - 100 0/5 A 


> The dc Motor i 

Rated voltage 220 V 
Rated current 2.2 A 
Rated power 0.5 hp 
Rated speed 1500 rpn 
Armature Resistor R 

a 

) The dc Generator « 

Rated voltage 220 V 
Rated current 2.2 A 
Rated power 0.5 hp 
Rated speed 1500 rpm 
Armature Resistor R * 12 O 

A 


field voltage 220 V 
field current 0.25 A 

12 O 

field voltage 220 V 
field current 0.25 A 
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Appendix VI : The Coawutatinc Angles « j. 


V 1 (%) 


0.10 


(rad) « 2 (rad) 


“? “3 


« 3 (rad) 


1.024 


0.12 


0.14 


0.16 


0.20 


0.22 


0.26 


0.30 


0.32 


0.34 


0.36 


0.38 


0.40 


0.44 


0.495 


0.49 


0.486 


0.481 


0.476 


0.4662 


0.4615 


0.4566 


0.4516 


0.4467 


0.4418 


0.4368 


0.4318 


0.4268 


0.4217 


0.4166 


0.4116 


0.4064 


0.543 


0.546 


0.552 


0.5588 


0.562 


0.5652 


0.5685 


.5717 


0.5749 


0.5781 


0.5813 


0.5845 


0.5878 


0.5909 


0.5941 


0.5973 


0.6004 


0.6036 


.6067 


1.015 


1.006 


1.001 


0.9965 


0.9918 


0.987 


0.9823 


0.9775 


0.9727 


.9679 


0.9631 


0.9582 




.9533 


0.9484 


.9435 


0.9385 


0.9335 


0.9284 


0.9233 



0.9182 


0.6159 


0.9078 





















































































0.60 

0.3752 

0.619 

0.9025 

0.62 

0.3698 

0.6219 

0.8972 

0.64 

0.3645 

0.6249 

0.8918 

0.66 

0.3591 

0.6278 

0.8863 

0.68 

0.3537 

0.6307 

0.8808 

0.70 

0.3482 

0.6335 

0.8752 

0.72 

0.3427 

0.6362 

0.8695 

0.74 

0.3371 

0.6389 

0.8637 

0.76 

0.3316 

0.6414 

0.8579 

0.78 

0.3259 

0.644 

0.8517 

0.8 

0.3203 

0.6464 

0.8456 

0.82 

0.3145 

0.6486 

0.8393 

0.84 

0.3086 

0.6506 

0.8328 

0.86 

0.3028 

0.6526 

0.8262 

0.88 

0.2968 

0.6543 
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